SUMMARY.-In a retrospective survey of 235 cases in which the diagnosis on biopsy was lichen planus, keratosis or leukoplakia, the histological features were re-assessed as objectively as possible and without reference to the original diagnosis.
diagnosis.
The tissue changes were recorded under39 headings, and many were assessed on a roughly quantitative basis. In addition, two clinical features were included; whether the biopsy was from the buccal mucosa (as opposed to some other intraoral site) and whether the lesions involved multiple intraoral sites. For each possible pair of diagnostic categories (keratosis and leukoplakia, lichen planus and keratosis, lichen planus and leukoplakia) the recorded findings were subjected to discriminant analysis in order to provide a quantitative assessment of the value of each individual feature for discriminating between the two diagnostic groups. The computer programme also provided for the application of these calculated values to yield a " score " for each case, and for an assessment of the significance of the separation of the diagnostic groups thus achieved. In general, the values calculated by the computer for the discriminatory value of each tissue change accorded with our subjective impressions, but a number of features that were given a relatively high value had not previously been recognized as important in differential diagnosis.
A discriminant analysis was also performed on those cases of leukoplakia known to have later developed a carcinoma, in comparison with the leukoplakia cases that did not develop carcinoma. High values were accorded mainly to the well-known features of epithelial atypia, but a similar high value was indicated for the presence of Russell bodies. We had not previously realized that the presence of Russell bodies was of prognostic significance in this context.
When the total scores for the groups of cases were analysed, it was found that the separation of each pair of diagnostic groups was significant at the 1% level. The separation of leukoplakia cases that subsequently developed carcinoma, from those that did not develop carcinoma, was significant at the 5% level. In this latter analysis, a better separation might be achieved with larger numbers of cases, but there will always be the complicating factor that an unknown number of leukoplakia cases would develop carcinoma if the patient had received no treatment.
IN previous papers (Kramer et al., , 1970 Kramer, 1969) we have shown that cluster analysis, applied to the process of histopathological diagnosis, enabled us to examine the validity of certain aspects of our diagnostic criteria. Dis- Discriminant analysis is a method for determining, objectively and in quantitative terms, the value of each of a series of variables for discriminating between two or more groups of objects. As part of a series of computer-aided analyses of the histological features of certain lesions of the oral mucosa, we have submitted the histological data to discriminant analyses. The purposes of this were twofold; firstly, to obtain the objective quantitative assessments of the value of various tissue changes for diagnosis and prognosis, and secondly, to use these data in an effort to improve the cluster analyses described in our previous paper (Kramer et al., 1970) .
MATERIALS AND METHODS
These have been reported in detail elsewhere, so only a brief summary is given here.
The cases studied were those from which biopsies had been received between the years 1952-67, and in which our diagnosis had been lichen planus (48 cases), leukoplakia (60 cases) or keratosis (127 cases). We now avoid using leukoplakia as a histological term, but during the period in which most of these biopsies were received we reported " keratosis " for those lesions in which the tissue changes were less severe, and " leukoplakia " for the cases in which the changes were more marked (and in which we wished to indicate that the lesion should be regarded as potentially precancerous). We now accept that this distinction is probably not valid; the lesions in these two categories form a continuous spectrum (although there remains the necessity to find a suitable way of communicating to the clinician the degree of " disquiet " that the tissues show). However, for the purposes of the present analysis, the cases have been left in their original categories " keratosis" and " leukoplakia ".
The histological assessments were carried out on fresh sections cut from the original blocks. The tissue features were recorded on specially designed forms by two observers who did not know the original diagnosis. Further, the observers had no clinical information apart from knowledge of the site from which the biopsy was taken.
The observers recorded their histological observations under a series of welldefined headings, and in doing this they made no attempt at interpretation of these observations. The definitions of the tissue changes have been given in previous paper (Kramer et al., 1970) ; they are listed in the Key (page 680) to Tables  I-IV , and this key also shows the abbreviations used in these tables.
Many of these changes were assessed on a quantitative basis, and the analyses took account of the gradings. In addition to the features listed, mitoses were counted and mitotic values were calculated for the st. spinosum and st. basale. However, the mitotic values were omitted from the discriminant analyses as these numerical variables were in a form unsuitable for this particular programme; we hope to include them in future analyses.
Thus, for each case, 39 histological variables were submitted to computer analysis. Also included were two items of clinical information; whether or not the biopsy was from the buccal mucosa, and whether or not the patient had lesions involving more than one part of the oral mucosa.
The methods of discriminant analysis are given in the Appendix to this paper.
In general terms, the approach was as follows:
The histological information about two groups of cases (i.e. cases in two of our diagnostic categories) was fed to the computer. The computer was programmed to examine the data for the two groups, and to calculate a weighting factor for each histological variable in such a way that the application of all of these weighting factors would produce the best possible separation of the two groups. The method by which these weights were calculated is set out in the Appendix. It should be emphasized that, once the weighting factor was calculated for each variable, it was applied in the same way whenever that variable appeared, irrespective of the group to which the case belonged.
In addition to the calculation of a weighting factor for each histological variable, the computer programme provided for all these factors to be applied to each case, and for the total " score " for each case to be calculated.
The programme also provided for the scores for each group of cases to be compared, and for the significance of the differences in scores to be assessed.
As explained in the Appendix, although the total score for each case was calculated from the weights allocated to the histological features, it would be meaningless to examine these weights to find out how important each histological feature was as a discriminator because the weights are not independent of the scale on which the features were coded.
In order to see the importance of the various histological features as discriminators, it is necessary to calculate the correlation of each variable with the discriminant function, and these correlations were calculated for each of the discriminant analyses.
In the analyses reported here, we compared firstly the three possible diagnostic pairs, i.e. leukoplakia and keratosis, leukoplakia and lichen planus, keratosis and lichen planus. As this was a retrospective survey we knew that, of the 60 cases originally diagnosed as leukoplakia, 8 cases had developed malignancy. Therefore, we also performed a discriminant analysis between these 8 cases that later became malignant and the 52 cases that did not develop malignancy. Table I shows the correlation between each variable and the discriminant function, calculated to give the best separation between the cases diagnosed as keratosis and those diagnosed as leukoplakia (i.e. this table shows the importance of each histological feature for discriminating between the two groups).
RESULTS
The individual " score " for each case was plotted against the number of cases obtaining that score, and the resultant distributions are shown in Fig. 1 . Tables II and III, variable for discriminating between the two diagnostic groups depends on the size of the value, irrespective of sign. However, the positive and negative values tend to " push " in opposite directions, i.e. the positive values relate tP features leading to one diagnosis, whilst the negative values relate to features more typical of the other diagnosis.
DISCUSSION
The first point to be noted, in relation to all of the tables, is the interpretation of a low value. This does not mean that the histological feature given a low value is unimportant in establishing the diagnosis; it only means that the feature is of little importance in discriminating between the two diagnostic groups.
Thus, a feature would be accorded a low value if it was consistently found in both diagnostic groups; if it is a typical feature of both, it is of no value in discriminating between them.
DISCRIMINANT ANALYSIS OF HISTOLOGICAL FEATURES )iscrirnination between leukoplakia and keratosis
As noted previously, we accept that these two categories probably represent ends of a continuous scale. However, it is of interest to see the computer analyses of the histological features in the 187 cases that we originally divided into these categories.
In Table I , the variables given negative values are those most characteristic of the leukoplakia group, whilst the variables with positive values are more characteristic of the keratosis group.
Looking firstly at the variables given negative (leukoplakia) values, it will be seen that those ranking above 0.400 include pleomorphism, hyperchromatism, changes in polarity, and abnormal mitoses in the st. spinosum. This was predictable; the presence of these features of epithelial " atypia " was the principal reason why we would have classified a case as leukoplakia rather than keratosis. However, we had not consciously recognized the presence of plasma cells and of Russell bodies as features of high discriminating function in this context, although we knew that the intensity of inflammatory cell infiltration in the superficial part of the lamina propria was one of the features we took into account when making a diagnosis of leukoplakia.
The changes given positive (keratosis) values all received a relatively low weighting. However, those ranking above 0100 include hyperorthokeratosis, the presence of a st. granulosum, and vacuolization of the cells in the superficial part of the st. spinosum. Again, this is in accordance with our conscious practice for favouring a diagnosis of keratosis. It is of interest to find that the amount of PAS-positive material in the upper and suprabasal layers of the epithelium also appear in the same part of the table; we do not use these features in our routine diagnostic work.
As mentioned previously, tissue changes may be given a low weighting if they are commonly found in both groups, or if they occur so rarely that they are not characteristic of either group. Most of the changes in Table I that are given low weightings can readily be accounted for in these ways. However, we had anticipated that changes in the thickness of the epithelium (acanthosis and atrophy) would have been more useful discriminating variables than in fact is shown by the weighting values. Fig. 1 shows the results of applying all the weighting values to each case; the total score for each case is calculated, and the numbers of cases within each part of the score range is indicated.
It will be seen that complete separation of the scores for the two groups could not be achieved, although the degree of separation obtained indicates that the original diagnostic groupings of keratosis and leukoplakia were used with some consistency. The score distribution of the keratosis cases approximates to a normal curve, but the leukoplakia cases are distributed more widely and without marked peaks.
The separation achieved between the cases diagnosed as leukoplakia and those diagnosed as keratosis, by this method of discriminant analysis, was significant at the 10% level.
Discrimination between leukoplakia and lichen planus
Reference to Table II were derived, so that the total score for each case can be calculated.
It will be seen that, with these two diagnostic groups, there was no overlapping of the scores, and the score distributions within each group approximated to a normal distribution.
The separation achieved by this discriminant analysis was significant at the 1% level.
Discrimination between keratosis and lichen planus
Bearing in mind the rather arbitrary division of the original diagnoses into the " keratosis " and " leukoplakia " categories, it is interesting to compare the discriminant analysis of keratosis and lichen planus with that of leukoplakia and lichen planus. In both, the most heavily weighted features leading to the diagnosis of lichen planus are the same. However, the features in Table III leading to the diagnosis of keratosis differ substantially (and predictably) from those shown in Table II as leading towards the diagnosis of leukoplakia. Acanthosis receives a heavy weighting in both instances, but the " keratosis " features in Table III do not include most of the " epithelial atypia " changes that figure prominently in the leukoplakia features of Table II. Reference to Fig. 3 shows that the scores for the cases diagnosed as lichen planus or as keratosis overlap. In view of the known diagnostic difficulty that some of these cases present, the degree of overlap is small. Furthermore, reassessment of some of the cases in the area of overlap suggests that, in fact, the wrong diagnosis was given on the original biopsy. We have the impression that, in this discriminant analysis, we are starting to see how the objective computer analysis can correct (or help to avoid) some errors in subjective diagnosis.
The separation achieved in this analysis was significant at the 1% level.
Discrimination between leukoplakias with and without subsequent malignancy
In the analyses shown in Table IV and Fig. 4 , the 60 cases originally diagnosed as leukoplakia were divided into two groups, comprising the 8 cases in which a carcinoma is known to have developed after the biopsy was taken and the 52 cases in which no carcinoma has developed.
In considering these analyses, it should be pointed out that, amongst the 52 cases, there could have been many in which a carcinoma would have developed if the treatment had been less effective. Thus, the group with no subsequent carcinoma probably includes an unknown number of cases that were no less precancerous, at the time of biopsy, than those later developing a carcinoma.
Despite this limitation, Fig. 4 shows that a non-overlapping separation of the two groups was obtained by the application of the weighting factors calculated in the discriminant analysis, and the correlations of these weighting factors are shown in Table IV. This separation was significant at the 5% level.
In Table IV , the positive values are accorded to the histological features leading to placement in the group that subsequently developed malignancy. The features given heaviest weighting are mainly those that would form a part of " epithelial atypia ". However, it is of particular interest to note that the presence of Russell bodies in the lamina propria also received a relatively heavy weighting. This finding carries implications in relation to current views on the immunological aspects of cancer.
These studies show how computer-calculated weighting factors might help to define, in objective and quantitative terms, the importance of various histological features in distinguishing between pairs of diagnostic categories. Whilst many of the results could have been predicted, although in a non-quantitative manner, certain of the findings were unexpected; in this way, the computer analyses may draw attention to histological features that were not previously known to have diagnostic or prognostic significance in this context.
